Objective: Administrative health data are frequently used for large population-based studies.
can be used for epidemiologic and outcome studies of both common and rare neurologic conditions. These important population-based studies influence practice and patient care. [3] [4] [5] However, these data were originally created for administrative purposes (e.g., reimbursements for medical services) rather than for research purposes. Therefore, it is imperative for any administrative data users to examine the validity and the accuracy of case ascertainment in their data sources before use. 1 The overall aim of this study was to provide recommendations for researchers and stakeholders on the best ICD codes to use for various neurologic conditions. More specifically, our objectives were to systematically review the international literature to examine validated ICD-9 and ICD-10-based case definitions for neurologic conditions and to compare the validity of different case definitions across studies and countries.
METHODS Search strategy. We searched Medline (1948 to November 2010) and Embase (1980 to November 2010) for relevant articles. For 4 conditions (hydrocephalus, spina bifida, cerebral palsy, and brain tumors), searches were conducted in March 2011 and included articles up until the date they were run (table e-1 on the Neurology ® Web site at www.neurology.org). Our search strategy consisted of the following terms: administrative data, hospital discharge data, ICD-9, ICD-10, medical record, health information, surveillance, physician claims, claims, hospital discharge, coding, codes, validity, validation, case definition, algorithm, agreement, accuracy, sensitivity, specificity, positive predictive value, negative predictive value combined with the MESH and EMTREE terms and key words for each neurologic condition. These 15 neurologic conditions were selected because they represent the priority conditions identified as part of a large 4-year nationally funded (Public Health Agency of Canada and Neurological Health Charities of Canada) Population Health Study of Neurological Conditions. Searches were limited to reports of human studies published in English.
Study selection. For each neurologic condition, 2 reviewers
independently assessed all abstracts for fulfillment of the predetermined eligibility criteria. To be eligible for inclusion, articles had to report on original studies that validate ICD-9 or ICD-10 codes for the neurologic disease of interest by comparing the accuracy of the codes with a reference standard. They also had to report at least 1 of the following measures of validity: sensitivity, specificity, positive predictive value (PPV), or negative predictive value (NPV). Articles that validated neurologic conditions in specialized populations (e.g., seizures in vaccine recipients or dementia in patients with heart failure) or in which there were only case definitions based on ICD-8 codes were excluded.
Full-text articles were pulled for all abstracts selected by any reviewer. Selected full-text articles were then reviewed by 2 reviewers for fulfillment of eligibility. Disagreements were resolved by consensus. Reference lists of selected full-text articles were hand-searched, and experts in the field of administrative data or neurologic disorders were consulted to ensure no additional studies were missed with use of the above search strategy. Data extraction. Study data were abstracted by 2 reviewers in duplicate, using a standardized data abstraction form. Validated case definitions were abstracted, with specific ICD codes used for the case definition from each publication, and sensitivity, specificity, PPVs, and NPVs were recorded. Additional study information was recorded, including study location, validation database, sample size, years of data collection, and the gold standard that was used to validate the condition of interest.
Quality assessment. A quality assessment of each included validation study was performed by 2 reviewers in duplicate, using a standardized 40-item checklist. 6 One point was assigned for fulfilling each item on the checklist. Some items were not applicable because of the nature of the study. When it was unclear if a certain item was fulfilled, it was marked as uncertain and no points were assigned. Any discrepancy was resolved by consensus.
Role of the funding source. This study was in part supported by operating funds from the Public Health Agency of Canada and Alberta Innovates Health Solutions. The funders played no role in the study design, data collection, analysis, or interpretation.
Ethics. This study was reviewed and approved by the Conjoint
Health Research Ethics Board at the University of Calgary, Alberta, Canada.
RESULTS
A total of 2,309 independent abstracts were reviewed for all 15 conditions. Of these, 134 full-text articles were reviewed (including 4 from hand search and expert consultation), and 30 fulltext articles met all eligibility criteria (table 1) . See table e-2 for a list of excluded articles and reasons for exclusion. Figure includes a flow chart of study inclusion for the 15 neurologic conditions. Handsearching references of full-text articles and consultation with experts identified 4 additional articles for Alzheimer disease (AD) and dementia but not for any other conditions. For 7 conditions-cerebral palsy, dystonia, Huntington disease, hydrocephalus, muscular dystrophy, spina bifida, and Tourette syndrome-no full-text articles met the eligibility criteria, and these conditions were therefore excluded from any further analysis. The number of studies, number of validations, and ranges of sensitivity, specificity, PPVs, and NPVs for each condition are reported in table 1. A detailed summary of all included articles can be found in tables e-3 to e-10.
AD and dementia. For AD and dementia, 581 independent abstracts were reviewed and 8 full-text articles met all eligibility criteria (4 were identified by hand search or expert consultation) (table e-3). 7-14 A total of 21 case definitions were tested (table 1) . Seven studies investigated ICD-9-based case definitions, whereas 3 studies also tested ICD-10-based case definitions. Studies that used inpatient and out-patient claims databases revealed higher sensitivity than those that used inpatient claims only, 10,12-14 outpatient claims only, 9 or death certificates. 8 Specificity was consistently high (Ͼ84%), with the exception of 1 validation 9 that included the ICD-9 code 298.9 for "unspecified psychosis" in the case definition. PPVs and NPVs were reported only for studies that used databases with inpatient or outpatient claims and were similar across databases.
Brain tumors. Of 353 independent abstracts for brain tumors reviewed, 2 full-text articles met eligibility criteria (table e-4) . 15, 16 Only 4 case definitions were tested. One study investigated primary intracranial tumors, 15 whereas the other looked at brain metastases in lung cancer patients. 16 In the study of primary intracranial tumors, the case definition consisted solely of ICD-9 codes, and only 1 sensitivity (54%) was reported. 15 In the second study, only the ICD-9 code for secondary malignant neoplasm of the brain or spinal cord (ICD 198.3) was used to define the case definitions. 16 Reported sensitivities, specificities, and PPVs were similar, regardless of whether the cases were defined by Ն1, Ն2, or Ն3 claims.
Epilepsy. Of 285 abstracts reviewed, 4 full-text articles met eligibility criteria (table e-5). [17] [18] [19] [20] For the selected full-text articles, 14 case definitions were tested. Of the 4 studies meeting all eligibility criteria, case definitions consisted of ICD-9 codes in 3 studies 18 -20 and ICD-10 codes in 2 studies. 17, 18 Sensitivity and specificity were reported in only 1 study report that assessed the ICD-10 codes G40 -41 in inpatients admitted to a seizure monitoring unit. 18 Lower PPVs were reported in those studies that included the ICD-9-CM convulsion code 780.3 18, 19 vs those that did not, 17, 18 except in 1 study in which patients also had to be on an antiepileptic drug to meet the case definition.
Motor neuron disease (including amyotrophic lateral sclerosis). Of 140 independent abstracts reviewed, 4 full-text articles met all eligibility criteria (table e-6). [21] [22] [23] [24] A total of 6 case definitions were tested. All 4 studies validated case definitions consisting of the ICD-9 code 335 for anterior horn cell disease or 335.2 for motor neuron disease, and all showed good diagnostic accuracy, except for 1 study in which the reference standard was a population-based registry. 23 No outpatient databases were validated for motor neuron disease.
Multiple sclerosis. Of 119 independent abstracts reviewed, 2 full-text articles met all eligibility criteria (table e-7) . 25, 26 Seven case definitions were tested. Both studies that met all eligibility criteria validated case definitions consisting of the ICD-9 code 340 or ICD-10 code G35 in databases containing inpatient, outpatient, and prescription claims. Adding prescription claims to the case definition resulted in negligible improvement in sensitivity, specificity, PPV, or NPV. 26 Parkinson disease and parkinsonism. One hundred independent abstracts were reviewed, and 4 full-text articles met all eligibility criteria (table e-8). [27] [28] [29] [30] In the full selected full-text articles, 16 case definitions were tested. All 4 studies validated case definitions consisting of ICD-9 codes related to Parkinson disease (PD)/parkinsonism. Three studies used databases containing inpatient and outpatient claims 27, 28, 30 ; 1 used inpatient, outpatient, and prescription drug claims 28 ; and 1 used outpatient claims only. 29 Adding prescription of a dopamine agonist or levodopa/carbidopa to the ICD-9 codes increased sensitivity but decreased the PPV. 28 One study looked at only outpatient claims and revealed a high sensitivity (89.2% to 100%) but a low specificity (0% to 28.4%). 29 Most of the poorly performing case definitions relied on self-report as the reference standard.
Spinal cord injury. A total of 119 independent abstracts were reviewed, and 3 full-text articles met all eligibility criteria (table e-9). [31] [32] [33] In the full selected full-text articles, 19 case definitions were tested, none of which reported NPVs. All 3 studies validated case definitions consisting of ICD-9 codes, and 1 also looked at case definitions consisting of ICD-10 codes. 31 The best performing case definitions included the ICD-9 codes 806 for "fracture of vertebral column with spinal cord injury" and 952 for "spinal cord injury without evidence of spinal bone injury." 32, 33 Conversely, less specific codes (e.g., ICD-9 "other paralytic syndromes") performed poorly. Adding the ICD-9 code for late effect of spinal cord injury (907.2) improved the sensitivity but at the cost of a lower specificity and PPV. 31 Traumatic brain injury. A total of 284 independent abstracts were reviewed, and 3 full-text articles met all eligibility criteria (table e-10). 34 -36 Eight case definitions were tested. 34 -36 One study looked at inpatient and registry databases and found that case definitions tested in the inpatient database alone and in combination with the registry had a slightly higher PPV than the registry database alone. 36 Including less specific codes (e.g., ICD-9 800.0 -800.9, which can include some skull fractures without mention of intracranial injury) was associated with lower PPV. Only 1 study used more than 1 test of diagnostic accuracy, comparing coding of an inpatient database to real-time assessment in the emergency department, and found low sensitivity (45.9%) and PPV (23.9%) but high specificity (97.8%) and NPV (99.2%). 34 Quality assessment. We assessed the quality of each validation study, using a published 40-item checklist of reporting criteria. 6 For the 29 studies assessed, total quality scores ranged from 12 to 29 (mean, 20.5) (table e-11).
DISCUSSION
In this systematic review of 15 priority neurologic conditions, validation studies were identified for AD and dementia (n ϭ 8), brain tumor (n ϭ 2), epilepsy (n ϭ 4), motor neuron disease (n ϭ 4), multiple sclerosis (n ϭ 2), PD/parkinsonism (n ϭ 2), spinal cord injury (n ϭ 3), and traumatic brain injury (n ϭ 3). However, no validation studies were identified for cerebral palsy, dystonia, Huntington disease, hydrocephalus, muscular dystrophy, spina bifida, or Tourette syndrome. For many of these conditions, population-based studies have been published utilizing ICD codes and administrative data without obvious prior validation studies. [37] [38] [39] This indicates an important gap in knowledge and suggests that validation studies are still needed for many neurologic conditions. Even among neurologic conditions for which validation studies exist, heterogeneity in coding accuracy was identified. Several factors seem to be associated with this, including the number of codes used in the algorithm, the varied databases validated, and the nature of the conditions. For some conditions, fewer than 3 ICD codes were tested alone or in combination, such as epilepsy (ICD-9: 345, ICD-10: G40 -41), motor neuron disease (including amyotrophic lateral sclerosis) (ICD-9: 335, 335.2), and multiple sclerosis (ICD-9: 340, ICD-10: G35), resulting in consistent reports of excellent coding accuracy. Therefore, these codes can be recommended for future studies using administrative data. Validations for AD and dementia, brain tumors, PD/parkinsonism, spinal cord injury, and traumatic brain injury were more varied, often including more than 3 ICD codes, with up to 72 ICD-9 codes for traumatic brain injury. With the exception of spinal cord injury, the ICD codes used and the diagnostic accuracy were too varied to allow recommendations regarding the best case definition. For spinal cord injury, ICD-9 codes 806 and 952 were validated in combination in 2 studies and were associated with high sensitivity and moderate PPV, suggesting they may be suitable for administrative health data research.
The validation studies also used a variety of databases (inpatient, outpatient, mortality-based registries, or death certificates). No particular type of database clearly outperformed the others. The best database to use will vary, depending on the condition (e.g., acute conditions may be best captured in hospital data, vs chronic conditions in outpatient data), how data are collected, and who is responsible for coding the data. Ultimately, we recommend that case definitions used to identify neurologic conditions in administrative health data be validated in the database of interest prior to initiation of a study, to ensure the study results are accurate and meaningful.
Validation results may be heterogeneous because of variation in the ICD version used. In 28 of the 30 included studies, ICD-9-code-based case definitions were tested (23 ICD-9-CM, 5 ICD-9), but only 7 studies validated an ICD-10-code-based case definition (3 ICD-10-CA, 1 ICD-10-AM, 3 ICD-10). Although the underlying coding framework is the same internationally, many countries use different ICD versions. For example, although some countries are currently using ICD-10 (12,420 codes), some countries are still using ICD-9 (6,882 codes). 1 Furthermore, some countries use ICD-10 clinical modifications, such as ICD-10-AM (Australia), ICD-10-CA (Canada), ICD-10-GM (Germany), ICD-10-KM (Korea), ICD-10-TM (Thailand), and ICD-10-CM (United States). 1 These differ in their number of codes, chapters, and categories. Specific conditions are present in some but not all clinical modifications. Subcodes can also differ. For example, code S06.21 refers to diffuse brain injury with moderate loss of consciousness in ICD-10-CA, but to diffuse cerebral contusions in ICD-10-GM and ICD-10-AM. The definition of the "main condition" also differs between these international ICD-10 clinical modifications. 1 These variations can influence case definitions and the validity of administrative data. Finally, as countries transition to using newer ICD versions, up-to-date validations of administrative data will be required.
Coding accuracy may also have been influenced by the ease in which certain conditions can be diagnosed. Conditions such as PD and AD, which rely solely on clinical history for diagnosis, may be more difficult to code than conditions for which diagnostic tests (e.g., neuroimaging for multiple sclerosis) are available to confirm the diagnosis. Furthermore, the reference standard used to validate the algorithms likely had an effect on data quality (e.g., conditions where self-report was used performed poorly).
As a result of the quality assessment, we found that although most studies fulfilled a large proportion of the reporting criteria, some gaps remained. Only a portion of studies described the age (n ϭ 11) and severity of disease (n ϭ 3) in the validation cohort and outlined the exclusion criteria (n ϭ 8). Details about the administrative data collection were also lacking, such as who identified patients and ensured that selection adhered to patient recruitment criteria (n ϭ 2); who collected data (n ϭ 3); and whether an a priori data collection form was used (n ϭ 2). Only 1 study utilized a split sample design to revalidate the administrative data in a second cohort. 13 Whereas most study reports described the number, training, and expertise of persons reading the reference standard (n ϭ 20), only 4 reported if there was Ͼ1 person reading the reference standard and only 7 reported that investigators were blinded to the ICD codes while reading the reference standard. Furthermore, few studies showed a flow diagram (n ϭ 6), the distribution of disease severity (n ϭ 7), or a cross tab of index tests by results of reference standards (n ϭ 12). Estimates of diagnostic accuracy varied among studies, with the most popular being sensitivity (n ϭ 26) and PPV (n ϭ 28). Thirteen studies reported 95% confidence intervals for these estimates. Only 8 studies reporting PPV and NPV indicated that the ratio of cases to controls of the validation cohort approximated the prevalence of the condition in the population.
This study has some limitations. The literature review included only studies published in the English language, and we did not search for validation studies published in the gray literature. Our search strategy targeted studies whose primary aim was to validate ICD coding of neurologic conditions. Therefore, it is possible that validation studies embedded within a large study (e.g., prevalence or health resource utilization) may have been missed. Furthermore, in validation studies, publication bias may be an issue if authors report only case definitions that perform well rather than all the case definitions tested or if they fail to publish the study because validations with low sensitivity, specificity, and positive and negative predictive values were noted. However, several studies in this systematic review did report case definitions with accuracy measures that were low or very low. Therefore, we believe that publication bias is not a major concern.
Although validated case definitions for some neurologic conditions have been reported, with varying levels of accuracy, data are still limited for many. As population health researchers and decision makers continue to utilize administrative health data to answer important health research questions, it is critical to develop and test the accuracy of case definitions for all neurologic conditions prior to use. In order to compare validation studies, reporting guidelines have recently been developed. 6 This framework will facilitate the development of optimal case definitions for neurologic conditions, to improve the quality of populationbased research for all neurologic conditions.
